Spt5 is conserved throughout eukaryotes and plays a shows locus-specific effects on transcription: exprespivotal role in regulating the transition between initiation sion of gap genes remains wild-type, but striped patand elongation of transcription. This switch is associterning of the primary pair-rule genes even-skipped ated with an altered protein composition of the RNA and runt is disrupted. even-skipped stripes are broadpolymerase II (RNAPII) complex and hyperphosphorylaened in the mutant embryos indicating that Spt5 is tion of the C-terminal domain (CTD) of the large RNAPII likely to be a direct, negative regulator of this target subunit (for recent reviews, see 
W049 Is an Allele of Spt5 that Affects Spt5 Activity In Vitro Summary
Meiotic recombination with visible and polymorphic molecular markers reveals that the zygotic lethality and Segmental patterning in Drosophila relies on a casmaternal segmentation phenotype of W049 lie within a cade of transcription factors that subdivide the em-10 kb chromosomal interval containing four predicted bryo into successively more precise domains [1, 2].
transcripts (Supplemental Data). Complementation and We have identified a missense mutation (W049) in the deletion analysis (Experimental Procedures) mapped gene encoding the transcriptional elongation factor
the mutation to the Spt5 gene, which encodes an evoluSpt5 (reviewed in [3-5]) which, when homozygous in tionarily conserved protein that regulates transcriptional the maternal germ line, leads to defects in segmental elongation [3] [4] [5] . More detailed comparison of the 10 kb patterning of the embryo. W049 alters the C-terminal region in the W049 and parental chromosomes revealed domain of Spt5 and affects its activity in vitro, imonly a single nucleotide change, causing a missense pairing its abilities to confer sensitivity to the tranmutation in the Spt5 gene that changes glycine 994 to scriptional inhibitor DRB and to stimulate transcription aspartic acid (G994D; Supplemental Data). at limiting nucleotide concentrations. In vivo, W049 Spt5 is conserved throughout eukaryotes and plays a shows locus-specific effects on transcription: exprespivotal role in regulating the transition between initiation sion of gap genes remains wild-type, but striped patand elongation of transcription. This switch is associterning of the primary pair-rule genes even-skipped ated with an altered protein composition of the RNA and runt is disrupted. even-skipped stripes are broadpolymerase II (RNAPII) complex and hyperphosphorylaened in the mutant embryos indicating that Spt5 is tion of the C-terminal domain (CTD) of the large RNAPII likely to be a direct, negative regulator of this target subunit (for recent reviews, see [7] [8] [9] [10] S-methiois much less active than wild-type hSpt5 in inhibiting transcriptional elongation in the presence of DRB (Fig- nine before and during a heat shock so as to determine the efficiency of heat shock protein synthesis relative ures 2A and 2B), whereas a conservative substitution, G1002V, has no effect on hSpt5 activity in this assay to basal translation (Experimental Procedures). Heat shock-induced protein production is diminished (data not shown), indicating that Spt5 W049 is defective in mediating negative regulation of elongation in vitro.
in W049 mutant embryos, especially in embryos that are also zygotically mutant for W049 (Figure 3 ). This result W049 also appears to reduce a second, positive activity of Spt5. Spt5 enhances transcriptional elongation at is consistent with the reduced activity of hSpt5 G1002D in promoting transcription in vitro ( Figure 2C) , providing low nucleotide concentrations in DSIF-immunodepleted HeLa nuclear extracts [12] . The activity of the G1002D genetic evidence that Spt5 indeed has a positive functional role in the Drosophila heat shock gene response mutant protein in this assay is somewhat reduced (Figures 2C and 2D -proximal pausing (reviewed in [17] ).
the single-celled embryo. In particular, regionally expressed gap genes drive striped expression of the three Upon heat shock, the polymerase rapidly escapes from To check if the altered pattern of eve expression is inherent to its cis-regulatory region and not due to ef- C-terminal domain of Spt5 helps coordinate these opposing influences on transcription. Such a mechanism fects on transcript stability, we tested two fusion concould rapidly but reversibly shut down transcript prostructs in which transcription of a lacZ reporter is diduction from a highly active promoter. We note that eve rected by eve stripe-specific enhancer elements and the and runt, but not h, are reexpressed within 30 min of native eve transcription start site [23, 24] . lacZ exprestheir initial repression in the interstripe regions during sion in stripes two and seven, driven by the appropriate gastrulation. Future studies will address the underlying enhancers, is broadened in W049 embryos (albeit exmolecular mechanisms of Spt5 action during early patpression is weakened in stripe two) (Figures 4I-L) , inditerning, and the identity of other developmentally regucating that Spt5 is required for repression in interstripe lated genes subject to this mode of regulation. regions. By contrast, the expression of stripe three, This effect of W049 on eve patterning should be direct
